We examine the changes in betas resulting from international mergers. We find that the beta with respect to the acquirer's home market rises and that with respect to the target's home market falls. This effect is robust with respect to controls for changes in the operations of the companies involved and other robustness tests. It is consistent with the location of primary affecting betas with respect to different international equity markets. Such an effect can occur only if international equity markets are not fully integrated, and the risk that is generated by the stochastic discount factor in each country depends on the location of the primary listing of a company. * This is a revised version of an earlier paper entitled 'International sources of risk: Evidence from cross-border mergers'. We thank participants at seminars at London Business School and the 2004 EFMA meetings for comments.
One of the most important issues in international finance is whether international equity markets are integrated. This has been tested in a variety of ways. One approach has been to test the implications of international asset pricing models using conditional means of returns. Such tests give mixed results, but generally fail to reject integration, even for emerging markets (Bekaert and Harvey (1995) , De Santis and Gerard (1997) ). In contrast, studies of cross-listing (Foerster and Karolyi (1999) ), primary listing location changes (Chan et al (2003) ), country funds (Bonser-Neal et al (1990) , Bodurtha et al (1995) , Bekaert. and Urias (1996) ) and 'twins' stocks (Froot and Dabora (1999) ) find results which imply that international markets may not be integrated.
A recent example is Chan et al (2003) who find that, for five companies de-listed from Hong Kong and re-listed on Singapore, the beta with respect to the Hong Kong market falls on average from 0.80 to 0.42 and the Singapore beta rises from -0.05 to 0.35.
1 They show that this is not related to changes in operating cash flows, and their explanation is the change in the market of listing. Such a change of betas in response to a change in listing implies that there are market-specific stochastic discount factors that are not integrated across the two markets. The size of the effects implies that these factors generate a substantial part of the price behaviour for their sample of firms.
The finding that a large part of the systematic risk of share prices comes from stochastic discount factors is consistent with evidence for domestic markets (Campbell and Mei (1993) ). However, in an internationally integrated equity market the stochastic discount factors would be the same regardless of the listing location, and there would be no effect of a change in listing location on systematic risk.
Therefore, the Chan et al findings imply that the Hong Kong and Singapore equity markets are partially segmented from each other. The size of the effect they find is very large. It implies that betas of 0.4 are generated by market-specific stochastic discount factors in both Singapore and Hong Kong.
If changes in listing generally create changes in systematic risk this large, it would imply that international equity markets are far from integrated. This would have major implications for international asset pricing and corporate finance (Errunza and Miller (2000) ). On the other hand, tests of international asset pricing models using expected returns do not detect market segmentation effects of equivalent size. This raises two important questions: why are the results of the two types of test so different, and how widespread are the effects observed by Chan et al?
One possibility is that international equity markets are far from integrated, but tests based on asset pricing models fail to detect this because standard asset pricing tests have relatively low power and are highly sensitive to specification (Kothari et al (1995) ). As an illustration, Chan et al find highly significant evidence of lack of integration using only three years of returns data. Because their test is based on covariances, three years of data give a test with high power. To reject integration based on mean returns for three years would be impossible, because the standard errors of mean equity returns are so large. The other possibility is that the results found by Chan et al are specific to the markets and time period that they study. The markets they examine are relatively small emerging equity markets. Their results may be specific to this type of market, while other markets are integrated.
To distinguish between these alternatives, we need a large sample of changes in primary listing. If international markets are not integrated and the failure of tests of asset pricing models to reject integration is caused by their low power, we should find that changes in primary listings generally result in large changes in systematic risk.
On the other hand, if the effect found by Chan et al is specific to small emerging markets, we should find that changes in primary listing do not generally change the systematic risks of stocks. Therefore, in this paper we examine the only regularly occurring event where the primary listing of a company changes. This is the acquisition of a company by a foreign company.
Using international mergers to study the effect of primary listing changes involves the difficulty that the change in listing occurs at the same time as other changes associated with the merger. Observing the effect of the listing change involves separating it from other factors, such as operating changes. Such difficulties are present in all studies of listing changes. For instance, when a company cross-lists in the US it is often a first step to making US acquisitions (Burns (2004) ). However, operating changes may be more significant for international mergers, so we develop controls to take account of such changes. The other empirical difficulty is that we do not observe a separate share price for the target firm after the merger. Therefore, we state all our hypotheses in terms of the betas we do observe: the acquirer and target before the merger and the merged company after. Because of these empirical difficulties, we devote some care at the beginning of the paper to developing the hypotheses and tests we use.
On average, we observe effects similar to Chan et al, implying some international equity market segmentation. These results are robust to a variety of controls for operating changes. The large sample of international mergers also enables us to examine cross-sectional and time-series differences. We do not find that the degree of integration has increased during the period of our sample, 1995-2001. We find that the US appears to be more integrated than other countries. We find that the changes in betas with respect to the acquirer and target markets are consistent with a model in which countries generate market-specific risk for companies that have their primary listing there.
Our results are consistent with the evidence from country funds and twins stocks that suggests there a significant amount of risk is generated by market-specific factors.
They are also related to the literature on cross-listings. There is an increase in the beta with respect to the market of a cross-listing (Gagnon and Karolyi (2003) ). However, cross-listing causes a much smaller change in betas than we detect for changes in primary listings (Karolyi (2004) ). There is no necessary inconsistency between these results, because the primary listing stays the same when a cross-listing is made.
The paper is organised as follows. Section I develops hypotheses about the effects of international mergers on betas, and associated empirical tests. In section II we describe the data and the procedures for estimating betas. Section III presents the empirical results and section IV a variety of robustness checks. The conclusions are in section V.
I. Hypothesis development

A. Hypotheses about the changes in betas caused by international mergers
In an international merger, the target combines with the acquirer and in the process its primary listing becomes the same as that of the acquirer. This is the effect that we are trying to measure. In addition, the operating characteristics of both target and the acquirer may also change. Any observed change in betas arises from the combination of these effects. Our tests are further complicated by the fact that before the merger there are two entities with observable betas, the target and the acquirer, whereas after the merger there is one merged company.
We develop hypotheses about the betas with respect to the acquirer and target home countries, denoted A and T respectively. The betas we measure are those of the acquirer, denoted a, the target company, denoted t, the value-weighted pooled premerger companies, denoted p, and the merged company, denoted m. Thus the beta of the acquirer before the merger with respect to the target country is T a β . The betas for a, t, and p are observed before the merger, and that for m is observed after the merger.
We state our hypotheses in terms of observable betas. Our null hypothesis is that international equity markets are fully integrated and there are no operating changes.
Then the operating risks are unaffected by the merger and that time-varying risk premia are integrated across markets. In this case the merger simply pools the systematic risks of the two separate companies.
H0: (Neutrality)
A m
If neutrality is rejected, there are two alternative hypotheses. One is that the betas are affected by the location of the primary listing of the acquirer. The second is that they are affected by changes in operations resulting from the merger.
The hypothesis that the primary listing location of the acquirer matters has a clear implication. The evidence on changes in primary listing, country funds, and twins stocks all suggest that the pooled beta with respect to the acquirer's home market will rise and the beta with respect to the target's home market will fall.
H1: (Listing matters)
The pooled beta with respect to the target's home falls, the beta with respect to the acquirer's home country rises.
The effect of operating changes on systematic risks is more complicated. International mergers may affect betas in several ways. The acquirer may seek to grow sales in one or other countries; the acquirer may divert costs to its home country or to the country of the target; there may be synergies in the form of reduced costs realized by the combined entity; the acquisition may give increased growth opportunities in general for the acquirer; and the merger may be accompanied by a change in leverage. Such changes may mask the effect of the change in listing location. The direction of these changes depends on which operating change occurs. For most of them, the predicted impact on betas clearly differs from that of listing location. For instance, increased foreign activity will raise the beta with respect to the target's home country and decrease it with respect to the acquirer's home country, the opposite of the effect predicted by the listing location hypothesis.
One type of operating effect can generate the same pattern of beta changes as the listing hypothesis. This is an increased cash flow in the home country of the acquirer and decreased cash flow in that of the target. We call this acquirer substitution:
H2A: Acquirer substitution hypothesis:
If the acquisition increases the proportion of cash flows in the target country (either by diverting sales to the target country or costs to the acquirer country), then we expect the beta with respect to the target country to rise and the beta with respect to the acquirer market to fall. We call this:
H2B: Increased foreign activity hypothesis:
If there are reduced fixed costs to the merged firm, then we expect the betas with respect to both the acquirer's and the target's home markets to fall as operating leverage is reduced. We call this:
H2C: Cost cutting hypothesis:
If the acquisition signals increased growth opportunities in general for the combination of firms, then it should increase the betas with respect to both markets.
We call this:
H2D: Increased growth hypothesis:
β .
An increase in leverage will have the same general effect as increased growth opportunities, raising the equity betas in both countries. A decrease in leverage will have the same general effect as a reduction in fixed costs, reducing betas in both countries. Therefore, we include these as part of hypotheses 2C and 2D. Table 1 summarises the hypotheses in terms of their implications for the betas of the pooled company relative to the markets of the acquirer and the target. Evidence suggests that acquisitions in foreign countries tend to be followed by further acquisitions (Tomunen and Torstila (2005)). So the 'increased foreign activity' hypothesis might be considered the most plausible of the operating hypotheses on the basis of other evidence.
TABLE I approximately here
The only operating hypothesis that might be confused with the 'listing matters' hypothesis is the 'acquirer substitution' hypothesis, whereby the acquiring firm substitutes cash flow generation in its home country for that of the target. However, these two hypotheses have other different implications. The key point in distinguishing them is that the 'listing matters' hypothesis implies that changes in the betas will be related primarily to characteristics of markets, whereas under the 'acquirer substitution' hypothesis they will be related to characteristics of the merging companies.
If we fail to reject the 'listing matters' hypothesis, we expect to find a particular pattern of deviations from neutrality. The logic is as follows. Suppose that part of the domestic systematic risk of a stock that has a primary listing in country T comes from a stochastic discount factor that is not integrated across markets. Then, when that company is taken over by a company in country A, with a resulting change in the location of its primary listing, two things will happen First, the beta of the target company with respect to country A will rise by the amount of systematic risk in country A that is generated by the country-specific stochastic discount factor of country A. Therefore we expect the change in the beta with respect to the acquirer's home market to be related to the characteristics of that market, and not to the characteristics of the home market of the target company. Second, the beta of the target company with respect to country T will fall by the amount of systematic risk in country T that is generated by the country-specific stochastic discount factor of country T. The acquisition of the target by the acquirer removes this amount of risk from the beta of the target with respect to the target country. Therefore we expect the change in the beta with respect to the target's home market to be related to the characteristics of that market, and not to the characteristics of the home market of the acquirer company.
This leads to the following refinements of the 'listing matters' hypothesis: We now discuss the procedure we use to distinguish empirically between the alternative hypotheses.
B. Specification of a test
The hypotheses in the previous section are formulated in terms of true betas before and after the merger, but we observe only estimated betas. Our empirical test must allow for the fact that the betas we use are estimates. In particular, estimated betas mean-revert, and the test must incorporate this. In addition, we want to relate the size of any change in betas to characteristics of the companies and markets involved. This section specifies an empirical test that incorporates mean-reversion and crosssectional variables that should be related to the size of any change in betas. The details are given in the Appendix.
Our test takes the form of the panel regression:
where A mi β is the beta of merged company i with respect to the acquirer market, The null hypothesis is that there is no average effect of the merger on the betas, which corresponds to the restriction:
The hypothesis that there is no listing effect requires (2) and:
and the hypothesis of no operating effect requires (2) and:
The parameters 2 a , 3 a , and 4 a depend on the proxies we choose for characteristics of companies and markets that are related to the amount of risk generated by the stochastic discount factor for a particular company in a given country, and the degree to which this factor is country-specific rather than global. In the next section we discuss the characteristics we use to attempt to identify these determinants.
II. Data
A. Sample selection
We examine all cross-border mergers in the SDC Platinum merger file in the period January 1 1995 to December 31 2001. We define a cross-border merger as one where the ultimate parents (as defined by SDC) of the target and acquirer came from different countries. This gave a total of 1385 mergers.
From these we selected a sub-sample that satisfied the following criteria:
-Both target and acquirer were listed, -Share prices are available on Datastream,
-There was 100% ownership of the target after the merger, -The target market value four weeks before the announcement date was at least 5% of the pooled value of the two companies at that date.
The first two restrictions are necessary to measure the effect on betas. The third reduces any ambiguity about where is the location of listing, and the fourth removes mergers where the effect we are looking for may be too small to detect.
The resulting sample consisted of 346 mergers, distributed by year as in Table II . The time profile of the sample is similar to that of all SDC cross-border mergers, and it has a reasonable number in each of the years.
TABLE II approximately here
We obtained from Datastream weekly returns for the two firms prior to the merger and for the combined firm afterwards, as well as the market capitalisation of their equity four weeks before the merger announcement date. We use weekly data to reduce problems in beta estimation caused by mismatching of time zones and thin trading. Table III shows the characteristics of the merging companies. The average size of targets and acquirers is over a billion dollars so their shares are likely to be well traded, reducing problems in the estimation of betas, which we discuss below.
The average target is about one fifth the size of the pooled market capitalization of the two companies. The effect we are looking for is the change in beta due to the change in the primary listing of the target, so we have chosen a sample where the target size is a significant proportion of the pooled value. All the mergers end up with the acquirer owning one hundred percent of the target. However, on average there is a pre-merger stake of about seven percent. For those cases with a pre-merger stake, we adjust the definition of the pooled pre-merger beta to take account of this. Table 4 shows the locations of the acquirers and targets. There are large numbers of both in the US, UK and Canada. We also have a reasonable number of both acquirers and targets from other developed markets, although their representation in our sample is slightly less than in the SDC database, due to the share price data restriction. A similar effect is present for emerging markets companies, where the sample is small and the proportion of exclusions caused by the share price restriction is greater. If this under-representation of companies where share price data is hard to obtain introduces a bias into our test, it is likely to be against finding the listing matters hypothesis. The companies we have excluded are likely to be those that are less internationally integrated, where the effect of listing would be greater.
TABLE III approximately here
TABLE IV approximately here
The size of the effect of listing changes on betas depends on the amount of systematic risk generated by country-specific stochastic discount rates. For a particular merger, this depends on the characteristics of the companies and countries involved. We use a number of proxies to try to identify the cross-sectional variation in the listing effect.
These are:
1. The home country of the acquirer.
2. The home country of the target.
3. The difference between the pre-merger betas of the acquirer and target.
4. The size of the acquirer, measured by the log of its market value.
5. The number of international listings of the acquirer, measured by the number of equity market listings reported by Bloomberg.
6. Whether the acquirer maintains a cross-listing in the target country after the merger, as reported by Bloomberg.
Segmentation by country allows us to test whether any effect differs between markets of different size, liquidity, and maturity. The inclusion of company characteristics such as size, number of international listings and the maintenance of a cross-listing in the target country gives the possibility of identifying the factors that cause variation between companies in the listing effect.
We expect the operating effects causing beta changes to differ depending on the characteristics of the companies involved. We attempt to control for operating changes by including variables that we expect to be related to the operating effects.
1. The difference between the acquirer and target betas.
2. Industry.
3. Whether the target and acquirer are in the same industry.
The industry classifications we use in the regression are financial, manufacturing, natural resources and services. We conjecture that industries where assets have a relatively fixed location, such as natural resources, will have limited operating effects.
When it is more difficult to shift operations between countries, the listing effect should dominate. We also include a dummy variable for the target and the acquirer being in the same industry. In this case, we expect the potential for operating effects to be greater.
B. Beta estimation
We obtained from Datastream weekly returns for the two firms prior to the merger and for the combined firm afterwards, as well as the market capitalisation of their equity four weeks before the merger announcement date. We use weekly returns to minimize problems caused by thin trading and mismatching of the closing times of different markets. We later test the robustness of our results to different estimation procedures. We use two years of data as a compromise between statistical significance of betas and the effect of using a longer window that would reduce our sample and incorporate stale data into the betas.
We also collected from Datastream matching weekly returns for the Datastream Country Indices of the home countries of the acquirer and target, and for the exchange rates between the currencies of the home countries acquirer and the target. 3 We calculated weekly returns for each stock as ln(P jt + D jt ) -ln(P jt-1 ), where P jt is the stock price at the end of week t and D jt is the dividend paid in week t, expressed in terms of US dollars. 4 We used national index returns from the Datastream value-weighted country indices expressed in US dollars.
The date of the merger is defined in terms of its announcement date, Τ a , and completion date, T c . The average period between announcement and completion is 106 calendar days. We measure t γ , the proportion of the merged value that is contributed by the target, using the market capitalisations of the two companies four weeks prior to the announcement date. We estimate pre-merger betas using two years of weekly data from the period ending at date Τ a , and post-merger betas using two years of weekly data beginning on date T c .
We define variables as follows:
R aτ pre-merger return to the separate acquirer company in period τ R tτ pre-merger return to the separate target company in period τ R pτ pre-merger return to the pooled companies in period τ R mτ post-merger return to the merged company in period τ
The pooled return is the value-weighted average of the acquirer and target returns, where the weights are (1-t γ ) and t γ respectively.
To estimate betas, we regress these returns on the market returns for the acquirer and target markets:
A R τ return to the market of the acquirer in period τ T R τ return to the market of the target in period τ
We estimate betas with respect to the acquirer and target markets using the regression:
where k= a, t, p, m. The standard errors of the estimates are Table V shows the average betas for the acquirer, target and pooled companies before the merger, and the merged companies after the merger. On average, the beta of the pooled company with respect to the acquirer market rises from 0.624 to 0.739, and that relative to the target market falls from 0.236 to 0.157. We test whether the betas for the merged company are the same as those for the pooled company by calculating a t-statistic for each merger and then pooling these across mergers, assuming independence between mergers. 5 We conclusively reject neutrality for both acquirer market and target market betas. The beta with respect to the acquirer country rises and that with respect to the target country falls. We also test whether the merged betas are significantly different from the acquirer betas before the merger, and detect no significant difference. Thus, on average, the results are consistent with beta risk being largely generated by market-specific time-varying discount rates, rather than integrated market risks.
III. Results
A. Average changes in betas arising from international mergers
TABLE V approximately here
Although we cannot observe a separate target beta after the merger, to 
TABLE VI approximately here
The results for the betas with respect to the target's home market are more mixed. All changes are negative, but the main significant difference is that US targets have a larger fall in their beta. This may reflect the fact that the US target is having its primary listing removed from an integrated market and put into a less integrated one.
In the next section we test whether we these results are due to mean reversion in betas or operating effects. However, the strength and robustness of the results suggests that this is unlikely. As far as mean reversion is concerned, the average beta with respect to the acquirer market is less than one. If our betas were estimated with a univariate beta regression, these betas might be expected to rise over time as they revert to an unconditional mean value of one. Our betas are estimated in a multivariate regression, so it is not clear what is the correct unconditional mean to which they should revert.
Moreover, the betas with respect to the target market are even lower and fall rather than rise, as would happen if mean reversion were the cause of the changes.
For operating changes to be the cause, the 'acquirer substitution' effect would have to dominate all other operating changes in the entire sample, and in all sub-samples that we examine. Acquirer substitution is only one of a number of possible operating effects, and it is unlikely to be the most common. The changes in betas are consistent with the 'listing matters' hypothesis regardless of the way that we segment the data. Table VII shows the result of running the panel regression (1) for betas with respect to the acquirer market. We use generalized least squares, and assume a diagonal covariance matrix with the residual standard deviation for each merger proportional to the standard error of the estimate of the estimated difference between the merged beta and the pre-merger pooled beta. The dummy variables for country are set equal to zero for the 'other country' (developed plus emerging) category, so that the constant term measures the effect for this group and the other country dummies measure the incremental effect for other countries. The dummy variables for the operating controls are set equal to zero for those cases where we expect the operating effects to be limited, and where the merger is between companies from different industries.
B. Cross-sectional relationships
TABLE VII approximately here
The first regression includes all the independent variables that may be related to the beta change. The coefficient of the pre-merger beta is significant and suggests that estimated betas regress approximately 60 percent of the way towards their mean.
The constant term is significantly positive, indicating that mergers where both the acquirer and target come from the 'other country' category exhibit an increase in the target country beta due to the listing effect. The sum of the constant and the US dummy is insignificantly different from zero, indicating that there is no listing effect when the acquirer comes from the US. The country dummy for UK acquirers is also negative, indicating that the effect of listing may be smaller for UK acquirers than for 'other country' acquirers. The dummies for the location of the target are insignificant, as is the dummy for whether the acquirer maintains a listing in the target country and the number of listings of the acquirer. Under the 'listing matters' hypothesis, we expect these variables to affect the change in beta with respect to the target market, but not that with respect to the acquirer market.
The only operating control variable that is significant is the dummy that measures whether the acquirer and target come from the same industry. The same industry dummy is negative, indicating that mergers within an industry give a lower increase in betas with respect to the acquirer country. This suggests that any operating changes are inconsistent with the asset-substitution hypothesis and that we are unlikely to be confusing listing effects with operating effects. Note also that the dummy for natural resource companies is very small and insignificant, which suggests that the shift in betas is apparent even in an industry where a switch in the location of activity is unlikely.
The time dummies for the earlier years are negative, but none is individually significant. If we are measuring an effect caused by lack of market integration, there is no sign that it has decreased over the 1990's.
The other two regressions test the robustness of these results. The second omits the listing variables, which are insignificant, so that we can use the full sample. The third regression also omits the target country dummies, the time dummies, and the industry dummies. The results remain essentially the same. In the third regression we detect a significantly negative dummy for UK acquirers. This is a further indication that the degree of the listing effect for UK acquirers is intermediate between the zero effect we observe for US acquirers and the significant effect we observe for other countries
and Canada. Table VIII shows the results for the betas with respect to the target market. The first regression includes all variables. The second omits the listing variables, so that we can use the entire sample, and the third omits acquirer country, time and industry dummies.
TABLE VIII approximately here
We find no significant constant term, indicating that we do not detect a listing effect for mergers between 'other countries'. We find, as predicted by the listing-matters hypothesis, that the location of the target company matters, but the location of the acquirer does not. One interesting result here is the strong negative coefficient on the U.S. target dummy. It appears that where U.S. companies are the target, the beta relative to the U.S. market falls sharply.
Consistent with the listing-matters hypothesis, we find that maintaining a listing in the target market results in a smaller fall in the target country beta, although the coefficient is insignificant.
To investigate further the structure of the effect, Table IX shows the same regressions with dummies for country pairs rather than individual countries for the acquirer and the target. The first regression shows the results for acquirer market betas and the second for the target market betas. In these regressions, Canada is pooled with 'other countries' since the earlier results detect no significant differences between them.
TABLE IX approximately here
The results are very similar to those using individual country dummies, but they give additional insight into the structure of the listing effect. Table X This effect is not present for US acquirers. For non-US acquirers acquiring US companies, there is a fall in the US beta of the pooled company. For non-US acquirers acquiring other non-US companies, there is no such fall in the target country beta of the pooled company.
TABLE X approximately here
These results indicate that the US is different from other markets in terms of the listing effect it generates. It appears to be more integrated, in the sense that switching the listing of a company into the US has no significant effect on international betas. In contrast, switching the listing into another country generates a change in betas. This change depends on whether the target is from the US or from another country, and so is more complex than simply an increase in acquirer market risk and a decrease in the target market risk.
IV. Robustness of the results
A. Biases caused by different opening hours of markets and thin trading
A possible bias in our results is caused when the home markets of the acquirer and target have different opening hours. In that case, the beta of the separate target before the merger will be based on data where the returns to the target and the returns to the target market are measured over the same time intervals, but the returns to the acquirer market are measured over a different (but overlapping) time interval. In contrast, the returns to the acquirer and the merged company will be based on data where the intervals for the company and the acquirer market are the same, but that for the target market is different. For any case where the intervals are different, the pooled pre-merger beta with respect to the acquirer market will be biased downwards.
The size of the bias will depend on the degree of overlap of the time intervals. The maximum difference is one working day, which, with weekly data, will bias the beta in an efficient market downwards by twenty percent. Thus a beta of 1.0 would be measured as a beta of 0.8 in such a case.
We have three reasons for dismissing this bias as a possible cause of our results. First, the key result is that the post-merger beta with respect to the acquirer market implied for the target is considerably higher than the pre-merger beta. The average pre-merger beta for the target with respect to the acquirer market is 0.06. Even if this is biased downwards by twenty percent, the true value is, on average, only 0.07 and such a difference has no effect on our results. The bias in the pooled pre-merger beta with respect to the acquirer market, which averages 0.62, is marginal.
Second, to test more formally for a bias caused by different opening hours of markets or thin trading, we estimated Dimson betas including two weekly leads and lags for all three markets. This estimation procedure also includes any possible effects of thin trading. We estimated the coefficients for each merger and then counted how many of the coefficients for each index at each lead and lag were significant at the 5% and 10% level. We tested whether the number of significant coefficients was different from the number that would be generated randomly, using the distribution of a binomial variable. The only coefficients that had significant incidence of significant coefficients were the contemporaneous coefficients for each of the three markets. All other leads and lags for all markets had a frequency that could have been generated by chance.
The third piece of evidence that the result is not caused by time differences is that the results are robust to segmenting the data into mergers that are in the same time zone and those that are between companies in different time zones. The average changes in the acquirer market beta are 0.153 and 0.089 respectively, which are both significantly positive and not significantly different from each other. The changes in the target market betas are -0.095 and -0.066, both significantly negative and not significantly different from each other.
B. Other robustness checks
We repeated the results with a world index in the beta regression. To avoid problems caused by colinearity, for each merger we defined a world index by adjusting the Datastream world index to leave out the components due to indices of the home countries of the merging companies. The results are robust to this alternative specification.
V. Summary and Conclusions
In this paper we study a large sample of international mergers where the target company is a significant proportion of the size of the acquirer. We show that, on average, the beta with respect to the country of the target company falls after the merger and the beta with respect to the acquirer's country increases. The result is robust to different partitions of the data and a variety of controls for operating changes of the companies involved. We find that the result is smaller for the US, and possibly the UK, than for other countries, consistent with these markets being more internationally integrated.
The structure of the international equity market that is consistent with this result is one where a significant part of systematic risk is generated by time-varying discount rates and these are not integrated across all countries. Our findings are consistent with those of Chan et al (2003) , who examined a small sample of companies which changed their primary listing and observed that the systematic risk of the shares was affected. The result is also consistent with evidence from country funds and twins stocks, which suggests that different international equity markets generate risk that is not integrated between markets. It potentially explains why it is hard to detect the international diversification benefits of international firms.
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The result is inconsistent with tests of international equity market integration that fail to reject market integration. One possible explanation is that these tests are based on the implications of market integration for expected returns, and such tests generally have low power. Our test is based on covariances, which are easier to estimate accurately.
There is a possibility that the result we have found is a statistical artefact of some type that we have not tested for. We have checked the impact of including or excluding a world index from beta estimation, timing differences of markets, thin trading, meanreversion in betas, various proxies for operating effects, and various ways of partitioning the data. None of these seems to be the explanation. However, the result implies quite a high degree of international equity market segmentation for some markets, and this has potentially important implications in a variety of areas including international asset pricing, international capital budgeting, international portfolio theory and international event studies.
This appendix develops the empirical tests we use. We define stand-alone betas as the separate company betas before the merger, and the unobservable betas that the two separate companies would have had after the merger if they had not merged. The analysis that follows is for betas measured relative to the acquirer market, and there is an equivalent set of expressions for betas relative to the target market. We assume that the stand-alone betas mean-revert:
Where:
A a β and A a β are the pre-merger betas with respect to the acquirer market, We assume that the actual beta of the target company, once it is acquired, consists of three parts. The first is the stand-alone beta it would have if there were no effect of the merger. The second is the effect resulting from the change of the primary listing of the target company as it is acquired and re-listed through the acquirer. The third is a move of the target beta towards the acquirer beta:
where: We assume that the acquirer beta is unchanged by the merger and that the merged beta is a weighted average of the acquirer and target post-merger betas:
where t γ is the proportion of the merged value that is contributed by the target. We 
Substitution leads to the specification of a cross-sectional relationship that we use as the basis of our tests:
The sum of the first two terms is the pooled pre-merger beta adjusted for mean reversion. This is the expectation of the merged beta under the null hypothesis. The other terms measure the effect of the merger. The third term measures the effect of the listing change. The fourth and fifth terms measure the effect of operating changes.
7 This is equivalent to defining the target company's post-merger beta as its incremental contribution to the merged company beta, assuming that the acquirer company beta is unchanged, apart from mean reversion. Since the target company's beta is unobservable after the merger, and the hypotheses that we are testing concern the merged company's beta, this definition of the target company post-merger beta is simply for convenience in deriving the hypotheses.
The last three terms include the variable, t γ , which measures the proportion of the target firm value. This also appears in the calculation of the pooled beta. To avoid spurious results caused by this, we run (7) as a regression in the form:
The dependent variable is the difference between the merged beta and the pooled beta before the merger. The first term on the right-hand side is a constant that should be zero under the null hypothesis. The second is a standard beta mean-reversion term for the pooled firm. The third term relates the change in betas to characteristics of markets, as we would expect from a listing effect. The fourth and fifth terms relate it to the characteristics of companies, as we would expect from operating effects. The fifth term arises from operating effects and depends on the difference between the pre-merger betas of the target and acquirer. 8 There is an equivalent regression for the betas with respect to the target company's home market.
8 This is one of the methods we use to control for operating effects. It is possible that this control is too severe, because changes in betas that are related to the difference in pre-merger betas could also be generated by listing effects. It might be, for instance, that the pre-merger acquirer beta primarily reflects its exposure to a segmented stochastic discount factor. Then a move of the target beta towards the acquirer beta could be generated by the listing effect. The table shows average betas with respect to the home countries of the acquirer and target before and after international mergers. The pooled pre-merger betas are valueweighted averages of the two companies. The implied post-merger betas for the target assume that the acquirer beta is unchanged. Z-statistics are the sum of t-statistics for individual mean differences divided by the square root of the number of mergers. We calculate the standard errors assuming that the errors in the estimates of beta before and after the merger are independent. We aggregate these into a test statistic for all mergers by assuming that the t-values for different mergers are independent. ** denotes 1% significance, * 5% significance.
Beta with respect to:
Acquirer country Target country The table shows the average change in betas with respect to the home countries of the acquirer and target as a result of international mergers. The difference is between the merged betas and the pooled pre-merger betas. The pooled pre-merger betas are value-weighted averages of the two companies. Z-statistics are the sum of t-statistics for individual mean differences divided by the square root of the number of mergers. We calculate the standard errors assuming that the errors in the estimates of beta before and after the merger are independent. We aggregate these into a test statistic for all mergers by assuming that the t-values for different mergers are independent. ** denotes 1% significance, * 5% significance. . Table VII: A test of the relationship between merged betas and pooled pre-merger betas with respect to the acquirer's home market The dependent variable is the difference between the post-merger beta with respect to the acquirer market and the pooled pre-merger beta with respect to the acquirer market. The explanatory variables are defined in section IIA. Estimation is by GLS, with a diagonal covariance matrix and residual standard deviations proportional to the estimated standard error of the difference in betas before and after the merger. ** denotes 1% significance, * 5% significance.
Regression
(1) (2) Table VIII : A test of the relationship between merged betas and pooled pre-merger betas with respect to the target's home market The dependent variable is the difference between the post-merger beta with respect to the target market and the pooled pre-merger beta with respect to the target market. The explanatory variables are defined in section IIA. Estimation is by GLS, with a diagonal covariance matrix and residual standard deviations proportional to the estimated standard error of the difference in betas before and after the merger. ** denotes 1% significance, * 5% significance.
(1) (2) The source of beta changes by country pairs The dependent variables are the difference between the post-merger beta and the pooled pre-merger beta with respect to (1) the acquirer market and (2) the target market. The explanatory variables are defined in section IIA. Estimation is by GLS, with a diagonal covariance matrix and residual standard deviations proportional to the estimated standard error of the difference in betas before and after the merger. ** denotes 1% significance, * 5% significance.
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